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ABSTRACT 

Objective: Oral squamous cell carcinoma (OSCC) is considered to be a serious life threatening issue for 
almost two decades. The objective of this study was to evaluate the over production of lipid peroxidation 
(LPO) byproducts and disturbances in antioxidant defense system in the pathogenesis of oral cancer. 
Methods: Lipid peroxidation and antioxidant status in OSCC patients were estimated and compared 
the sensitivity and specificity of circulating biomarkers (MDA, Sialic acid, Catalase, SOD, GSH and 
Neuraminidase) with 6-2 microglobulin (6-2MG) at different thresholds in blood and saliva using receiver 
operating characteristics (ROC) curve design. 

Results: Our results showed that the levels of MDA and Sialic acid were significantly increased in plasma 
of OSCC patients as compared to healthy subjects whereas antioxidant level was significantly decreased. 
Conclusion: ROC analysis indicated that MDA in saliva is a better diagnostic tool as compared to MDA in 
blood and 6-2MG in blood is better diagnostic marker as compared to B-2MG level in saliva. 
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INTRODUCTION 

Oral squamous cell carcinoma (OSCC) is among 
the most frequently seen of all oral cancers.^ Oral 
cancer is twofold more prevalent in men than in 
women mainly affecting adult males due to high 
percentage of alcohol consumption and tobacco 
habits ranging from sixty to seventy years of age.^ 
Globally, 90% of oral cancers are OSCC which are 
differentiated by typical neoplastic cells located all 
through the epithelium and outside the basement 
membrane.^"* 

OSCC is categorized as a malignant tumor that 
invades the jaw bone. Histologically, the normal 
epithelial cells are easily perceptible while abnor- 
mal cells show variability in nuclear size and shape, 
increased nuclear-cytoplasmic ratio, increased 
amount of keratin and abnormal mitotic activity. 
The only treatment of choice is the surgical removal 
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but it compromises the quality of life as it disturbs 
both the normal function and esthetics of the pa- 
tient. Intraorally, OSCC develops frequently in 
the tongue (20-30%), floor of the mouth (15-20%), 
retromolar and tonsilar pillar areas 15%, soft pal- 
ate (10-15%), buccal mucosal (10%), alveolar bone 
(10%) and maxillary sinus (15-20%).2'5-» Multiple 
factors affect the etiology of OSCC in which ge- 
netic and environmental factors play potent roles. 
Epidemiological studies indicate the multiplica- 
tive effect of tobacco consumption and alcohol 
containing more than 300 carcinogenic chemicals 
including polycyclic aromatic hydrocarbons with 
respect to frequency and duration on OSCC Mi- 
crosomal complex enzymes which are chemically 
hydrocarbon hydroxylases convert these polycyclic 
aromatic hydrocarbons into carcinogens which are 
responsible for tumor suppressor genes and DNA 
repairing genes which ultimately develop OSCC.^° 
Considerable association of premalignant and ma- 
lignant oral lesion and peritonsillar cancers (Base of 
the tongue and palative tonsils) with other viruses 
such as herpes simplex virus (HSV) and Epstein 
Barr Viruses (EBV) has been reported by."-^^ A case 
control study of 201 patients supported the detec- 
tion of HPV DNA in 19% of the total cases and 5% 
of controls and 43% of peritonsillar cancers. Free 
radical scavengers such as antioxidants (vitamin 
A, C and p carotene act as chemopreventive agents 
against oral cancer. At molecular level, transform- 
ing growth factor alpha (TGF-a) is expressed by 
carcinoma cells and this simultaneous expression 
of TGF-a and Epidermal Growth Factor Receptor 
(EGFR) by the carcinoma cells result in the prolif- 
eration of cells forming abnormal cancerous cells. 
Gene therapy that target specific genes concerned 
in the upregulation of cancer could be considered 
for cancer treatment in the near future. 

METHODS 

Place of Work: All the experiment work was 
done at the institute of Molecular Biology and 
Biotechnology, The University of Lahore. Prior to 
the start of study, informed consent was taken from 
all the participants. The study was approved from 
the local Ethical Committee of the University. 
Experiment Design: Individuals were divided into 
four groups. Group 1 included the blood of health 
individuals n=10. Group 2 was OSCC patients 
(blood of diagnosed OSCC patients) n=30. Group 
3 was control for saliva of health individuals n=10. 
Group 4 was OSCC patients (Saliva of diagnosed 
OSCC) patients n=30. 



Exclusion Criteria: In this study we excluded the 
patients with associated illness like Myocardial 
Infarction, Hypertension, Renal, Hepatic, Pancreatic 
and Pulmonary diseases were excluded from the 
study. 

Sample Collection: Total of 5.0ml of venous 
blood was drawn from healthy controls and 
histopathologically diagnosed OSCC patients. 
Similarly unstimulated whole saliva samples were 
taken between 9:00am to 11:00am from both healthy 
controls and histopathologically diagnosed OSCC 
patients. 

Blood Analysis: Blood was centrifuged at 4000 rpm 
for 10 minutes and serum was separated. Blood 
samples were collected into EDTA tubes. 
Biochemical Analysis of Samples: The sample 
were processed and analyzed for the estimation 
of Glutathione (GSH), Catalases, Super Oxide 
Dismutase (SOD), Malondialdehyde (MDA), Sialic 
acid and Neuraminidase by the spectrophotometric 
method. 

pi-Microglobulin Assay: (32-Microglobulin assay 
was done by commercially available Signosis |32- 
MG ELISA kit. 

RESULTS 

The MDA levels were obtained 3.15+0.58 (jimol/ 
ml) and 4.55±1.483 (nmol/ml) in control and 
patient groups respectively from blood samples 
which were significant p<0.05, also in saliva 
samples the MDA levels were 0.19±0.02 (^imol/ml) 
and 0.5433±0.258 (|imol/ml) in control and patient 
groups respectively (Table la, lb). 

For checking the sensitivity and specificity of 
MDA levels at different thresholds ROC analysis 
was done separately in both blood and saliva 
(Fig.la). The optimum threshold values of MDA 
level in blood and saliva obtained were >3.53 and 
>0.23 respectively. Whereas sensitivity of MDA 
obtamed was high 86.67% (69.3% - 96.2%) m saliva 
and low 73.33% (54.1% - 87.7%) in blood. The 
specificity record of MDA levels obtained were 100% 
(69.2% -100%) m saliva and 90% (55.5% - 99.7%) m 
blood. Other than sensitivity and specificity the 
AUG computed in saliva was 0.927 (0.798 - 0.985) 
statistically significant (P <0.01) and in blood the 
AUG was 0.852 (0.704 -0.944) statistically significant 
(P <0.01). It clarified that MDA in saliva is better 
diagnostic test as compared to MDA in blood. 

The Beta^-microgobulin levels obtained were 1.39 
± 0.22 (|xg/ml) and 2.74+0.83 (ng/ml) in control and 
patient groups respectively from blood samples 
which were significant p<0.05, also in saliva 
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Table-la: T-test for MDA, SOD, GSH, Catalase, p-2 Microglobulin, 
Nexiraminidase and Sialic Acid in saliva of OSCC patients. 





Group 


N 


Mean±SD 


P value 


MDA (nmol/ml) 


Control saliva 


10 


0.19±0.02 


0.000 


OSCC saliva 


30 


0.54±0.25 




SOD (ng/ml) 


Control saliva 


10 


1.16±0.10 


0.000 


OSCC saliva 


30 


0.61±0.25 




GSH (mg/dl) 


Control saliva 


10 


2.09±0.24 


0.000 


OSCC saliva 


30 


0.88±0.25 




CAT (nmol/ mol of protein) 


Control saliva 


10 


1.14±0.16 


0.000 




OSCC saliva 


30 


1.74±0.70 




P2-microglobulin (ng/ ml) 


Control saliva 


10 


0.08±0.05 


0.000 




OSCC saliva 


30 


0.71±0.40 




Neuraminidase (mg/lOOml) 


Control saliva 


10 


32.86±9.46 


0.001 


OSCC saliva 


30 


48.36±15.31 




Sialic Acid (ng/L) 


Control saliva 


10 


0.16±0.08 


0.000 


OSCC saliva 


30 


1.88±0.73 





samples the Beta^-microgobulin levels were 0.79 + 
0.05 (ng/ml) and 0.71 + 0.40 (ng/ml) in control and 
patient groups respectively (Table la, lb). 

For checking the sensitivity and specificity of 
Beta^-microgobulin levels at different thresholds 
ROC analysis was done separately in both blood and 
saliva (Fig.lb). The optimum threshold values of 
Beta^-microgobulin levels in blood and saliva were 
>1.78 and >0.13 respectively. Whereas sensitivity 
of Beta^-microgobulin levels obtained were low i.e. 
90% (73.5% - 97.9%) in saliva and high i.e. 100% 
(88.4% - 100.0%) in blood. The specificity record 
of Beta^-microgobulin levels obtained were 90% 
(55.5% - 99.7%) in saliva and 100% (69.2% - 100%) 
in blood. Other than sensitivity and specificity the 
AUG computed in saliva was 0.945 (0.824 - 0.992) 
statistically significant (P <0.01) and in blood the 
AUC was 1.00 (0.912 -1.00) statistically significant 
(P <0.01), which states that Beta^-microgobulin in 
blood is better diagnostic test as compared to Beta^- 
microgobulin level in saliva. 



The sialic acid levels obtained were 2.58 +0.80 
(ng/L) and 5.52+1.371 (ng/L) in control and patient 
groups respectively from blood samples which were 
significant p<0.05, also in saliva samples the sialic 
acid levels were 0.16 + 0.08 (ng/L) and 1.88 + 0.73 
(ng/L) in control and patient groups respectively 
(Table la, lb). 

ROC analysis was done for sensitivity and 
specificity of sialic acid separately in both blood 
and saliva (Fig.lc). The optimum threshold values 
of sialic acid level in blood and saliva were > 4.23 
and >0.30 respectively. Whereas sensitivity of sialic 
acid levels were high i.e. 100% (88.4% - 100%) in 
saliva and low i.e. 93.33% (77.9% - 99.2%) in blood. 
The specificity record of sialic acid levels were 100% 
(69.2% -100%) in both saliva and blood. Other than 
sensitivity and specificity the AUC computed in 
saliva was 1.00 (0.912 - 1.00) statistically significant 
(P <0.01) and in blood the AUC was 0.983 (0.882 - 
1.00) statistically significant (P <0.01). It showed 
that sialic acid levels in both, saliva and blood were 
equally important diagnostic tests. 



Table-lb: T-test for MDA, SOD, GSH, Catalase, 
Neuraminidase and Sialic Acid in blood of 



P-2 Microglobulin, 
OSCC patients. 





Group 


N 


Mean±SD 


P value 


MDA ((imol/ml) 


Control blood 


10 


3.15±0.58 


0.000 


OSCC blood 


30 


4.55±1.48 




SOD (ng/ml) 


Control blood 


10 


0.92±1.79 


0.210 


OSCC blood 


30 


0.15±0.10 




GSH (mg/dl) 


Control blood 


10 


9.82±1.32 


0.000 


OSCC blood 


30 


2.40±0.77 




CAT (nmol/ mol of protein) 


Control blood 


10 


4.29±0.83 


0.000 




OSCC blood 


30 


0.75±0.63 




P2-microglobtilin (ng/ ml) 


Control blood 


10 


1.39±0.22 


0.000 




OSCC blood 


30 


2.74±0.83 




Neuraminidase (mg/lOOmI) 


Control blood 


10 


233.15±36.13 


0.014 


OSCC blood 


30 


279.18±73.75 




Sialic Acid (ng/L) 


Control blood 


10 


2.58±0.80 


0.000 


OSCC blood 


30 


5.52±1.37 
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Fig.l: Sensitivity and specificity of MDA 
(a) Beta2-microgobulin (b) Sialic acid (c) and Catalase 
(d) in blood and saliva of the control and patients of OSCC. 



Further, Catalase levels were obtained 4.29+0.83 
(nmol/mol of protein) and 0.75±0.63 (iimol/mol of 
protein) in control and patient groups respectively 
from blood samples which were significant p<0.05. 
In saliva samples the catalase levels were 1.14±0.16 
(|imol/mol of protein) and 1.17+0.70 ((xmol/mol of 
protein) in control and patient groups respectively 
(Table la, lb). 

ROC analysis for catalase was done separately in 
both blood and saliva (Fig.ld). The optimum thresh- 
old values of catalase levels in blood and saliva were 
<= 2.7 and >1.12 respectively. Where sensitivity of 
catalase levels obtained were low 86.67% (69.3% - 
96.2%) in saliva and high 100% (88.4% - 100%) in 
blood. The specificity record of catalase levels ob- 
tained were 70% (34.8% - 93.3%) in saliva and 100% 
(69.2% - 100%) in blood. Other than sensitivity and 
specificity the AUC computed in saliva was 0.765 

Table-IIa: Comparison of Sensitivity and specificity 
of circulating biochemical markers (MDA, sialic acid, 
catalase, SOD, GSH and neuraminidase) with 
P-2 microglobulin (standard) in OSCC. 



Sensitivity Specificity AUC 



Betaj-microgobulin 


Saliva 


90% 


90% 


0.945 




Blood 


100% 


100% 


1.00 


MDA 


Saliva 


87.6% 


100% 


0.927 




Blood 


73.3% 


90% 


0.852 


Sialic Acid 


Saliva 


100% 


100% 


1.00 




Blood 


93.3% 


100% 


0.983 


Catalase 


Saliva 


86.7% 


70% 


0.765 




Blood 


100% 


100% 


1.00 


SOD 


Saliva 


100% 


100% 


1.00 




Blood 


93.3% 


70% 


0.858 


GSH 


Saliva 


100% 


100% 


1.00 




Blood 


100% 


100% 


1.00 


Neuraminidase 


Saliva 


83.3% 


80% 


0.800 




Blood 


63.3% 


100% 


0.737 



Fig.2: Sensitivity and specificity of Superoxide dismutase 
(SOD) (a) GSH (b) and Neuraminidase (c) in blood and 
saliva of the control and patients of OSCC. 

(0.604 - 0.884) statistically significant (P <0.01) and 
in blood the AUC was 1.00 (0.912 - 1.00) statistically 
significant (P <0.01). It proves that catalase in blood 
was better diagnostic test as compared to catalase 
in saliva and catalase levels of blood showed equal 
sensitivity and specificity in comparison to Beta^- 
microgobulin in blood. 

The Superoxide Dismutase (SOD) levels obtained 
were 0.92±1.79 (ng/ml) and 0.15±0.10 (ng/ml) in 
control and patient groups respectively from blood 
samples which were significant p<0.05, also in sa- 
liva samples these levels were 01.16± 0.25 (ng/ml) 
and 0.613 ± 0.251 (ng/ml) in control and patient 
groups respectively (Table la, lb). 

Table-IIb: AUC and P value of circulating 
biomarkers in blood and saliva. 



AUC 95% CP P (Area=0.5) 



MDA 


Blood 


0.852 


0.704-0.944 


<0.0001 




Saliva 


0.927 


0.798-0.985 


<0.0001 


p2-MG 


Blood 


1.000 


0.912-1.000 


0.000 


Saliva 


0.945 


0.824-0.992 


<0.0001 


Sialic Acid 


Blood 


0.983 


0.882-1.000 


<0.0001 




Saliva 


1.000 


0.912-1.000 


0.000 


Neuraminidase 


Blood 


0.737 


0.574-0.863 


0.0020 




Saliva 


0.800 


0.644-0.909 


<0.0001 


SOD 


Blood 


0.858 


0.712-0.948 


<0.0001 




Saliva 


1.000 


0.912-1.000 


0.000 


Catalase 


Blood 


1.000 


0.912-1.000 


0.000 




Saliva 


0.765 


0.604-0.884 


0.001 


GSH 


Blood 


1.000 


0.912-1.000 


0.000 




Saliva 


1.000 


0.912-1.000 


0.000 



a = Binomial exact, AUC = Area tinder the ROC curve, 
CI=Confidence Interval, P=Significance level. 
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ROC analysis for SOD was done separately in both 
blood and saliva (Fig.2a). The optimum threshold 
values of SOD levels in blood and saliva were 
<=0.26 and <=1 respectively. Whereas sensitivity of 
SOD level obtained were high 100% (88.4% - 100%) 
in saliva and low 93.3% (77.9% -99.2%) in blood. The 
specificity record of SOD levels obtained were 100% 
(69.2% -100%) in saliva and 70% (34.8% - 93.3%) in 
blood. Other than sensitivity and specificity the 
AUC computed in saliva was 1.00 (0.912 - 1.00) 
statistically significant (P <0.01) and in blood the 
AUC was 0.858 (0.712 -0.948) statistically significant 
(P <0.01). It meant that SOD in saliva was better 
diagnostic test as compared to SOD in blood. 

The GSH levels obtained were 9.82+1.32 (mg/ 
dl) and 2.40±0.77 (mg/dl) in control and patient 
groups respectively from blood samples which 
were significant p<0.01. In saliva samples the GSH 
levels were 2.090±0.245 (mg/dl) and 0.884 ±0.257 
(mg/ dl) in control and patient groups respectively 
(Table la, lb). 

For checking the sensitivity and specificity of GSH 
levels at different thresholds ROC analysis was done 
separately in both blood and saliva (Fig.2b). The op- 
timum threshold values of GSH levels in blood and 
saliva were <=4.26 and <=1.5 respectively. Whereas 
same levels of GSH sensitivity were obtained i.e. 
100% (88.4%-100.0%) in saliva and blood. The speci- 
ficity record of GSH levels were also same i.e. 100% 
(69.2% -100%) in saliva and blood. Other than sen- 
sitivity and specificity the AUC computed in saliva 
and blood was 1.00 (0.912 - 1.00) statistically signifi- 
cant (P <0.01). It meant that GSH levels in saliva and 
blood were equally reliable diagnostic tests. 

The neuraminidase levels obtained were 
233.15+36.13 (mg/lOOml) and 279.18+73.75 
(mg/lOOml) in control and patient groups 
respectively from blood samples which were 
significant (p<0.05). In saliva samples the 
neuraminidase levels were 32.86±9.46 (mg/lOOmI) 
and 48.36+15.31 (mg/lOOmI) in control and patient 
groups respectively (Table la, lb). 

ROC analysis for neuraminidase was done as 
shown in (Fig. 2c). The optimum threshold values 
of neuraminidase levels in blood and saliva were 
>266.23 and >35 .26 respectively. Whereas, sensitivity 
of neuraminidase level was high 83.3% (65.3% - 
94.4%) in saliva and low 63.33% (43.9% - 80.1%) 
in blood. The specificity record of neuraminidase 
levels obtained were 80% (44.4% -97.5%) in saliva 
and 100% (69.2% - 100%) in blood (Table-IIa). Other 
than sensitivity and specificity the AUC computed 
in saliva was 0.800 (0.644 - 0.909) statistically 



significant (P <0.01) and in blood AUC was 0.737 
(0.574 -0.863) statistically significant (P <0.01, Table- 
lib). These results confirm that neuraminidase is 
much sensitive in saliva but more specific in blood. 
But we cannot compare neuraminidase with Beta^- 
microgobulin. 

DISCUSSION 

Cancer is fundamentally an occasion start 
from gene level and finally leads to the DNA 
damage. Numerous factors play important role 
in carcinogenesis such as chemicals, viruses, 
irradiation and genetic composition of an individual. 
Whereas, ROS and RNS are two important factors 
which leads to DNA damage. The extent of DNA 
damage depends not only on ROS/ RNS levels but 
also on the body's resistance mechanisms alongside 
a variety of cellular antioxidants. 

Lipid peroxidation depends upon the level of 
Lipid Hydroperoxides (LHP) and MDA. In this 
study, our experimental results in oral cancer 
patients showed increased levels of MDA which 
may attributed to increased configuration or 
insufficient clearance of free radicals by the cellular 
antioxidants. Previously, it was hypothised that 
increased levels of lipid peroxidation was the result 
of large amount of free radicals produce by the 
cancer cells^^ and show a strong relationship with 
free radical activity and malignancy.^'' 

Furthermore, non-protein thiol such as GSH 
in conjugation with glutathione-S-transferase 
(GST) and glutathione peroxidase (GPx), plays a 
important role in defensive mechanism of cells 
against ROS.^'' In our study a major reduction 
of plasma GSH observed reflects enhanced pro- 
oxidant level of the cells and interact with the 
increased lipid peroxides in the patients with oral 
cancer. The damaging toxic effects of free radicals is 
prevented by antioxidative enzymes such as SOD, 
CAT and GPx play important role inside the cell by 
directly reacting with oxygen free radicals. GPx is 
a selenium dependent antioxidative enzyme which 
carry out the degradation of both H2O2 and LHP by 
using GSH due to which intracellular DNA damage 
is inhibited responsible for carcinogenesis.^^ 
Previously, oxidative damage to the cell membrane 
has been reported to inactivate GPx." 

Both increase^" and decrease^^"^^ in CAT activity 
have been reported previously. In this study 
decrease in CAT activity was observed which may 
be due to increased nitric oxide (NO) end products, 
endogenous production of the superoxide anion, or 
decreased activity of GPx and SOD or may be due 



470 Pak J Med Sci 2014 Vol. 30 No. 3 www.pjms.com.pk 



Oral Squamous Cell Carcinoma 



to the all of these factors. Moreover, it might also be 
due to a higher amount of oxidative stress, because 
all patients involved in this study were in advanced 
clinical stages (stage III/ IV) with tumor. Vitamin 
C along with vitamin E prevents the oxidation of 
GSH which is required for regeneration of both 
vitamin C and vitamin E, and GSH in oral cancer 
patients might be responsible for the low levels of 
these antioxidants. Evidence of the role of NO* in 
carcinogenesis showed that both constitutive nitric 
oxide synthase (cNOS) and inducible nitric oxide 
synthase (iNOS) are detected in various human 
cancers.^*'^ Previously, it is also reported that 
biopsy samples in a high-grade tumor of human 
breast cancer showed the presence of increased 
expression of iNOS.^* 

Previously, oxidative stress and lipid peroxidation 
have been reported as main causes of inflammation 
and tissue damage.^ Further, it is concluded that 
oxidative stress is increased due to increased level of 
lipid peroxidation and nitric oxide products which 
compromised antioxidant defense in patients with 
oral cancer. 

In our study the significantly increased levels 
of serum MDA and decreased levels of serum 
Total antioxidant status (TAS) in oral malignancy 
patients showed high statistical significance as 
compared with healthy individuals and directly 
reflects increased oxidative stress and lipid 
peroxidation. Thus measurement of MDA in serum 
and total antioxidant status, an extent of lipid 
peroxidation and antioxidant level, may be helpful 
in understanding the severity of the disease in oral 
malignancies. 

CONCLUSION 

Our results showed that in saliva GSH is at the 
top of list as a diagnostic biomarker of OSCC. It is 
followed by SOD, sialic acid and |3-2 microglobulin. 
Salivary sialic acid and oxidative stress could serve 
as sensitive markers of OSCC. Finally, Saliva is 
equally reliable biomarker as blood is considered 
and GSH, Sialic acid and SOD may be used as a cost 
effective diagnostic biomarker for OSCC. 

ACKNOWLEDGEMENT 

This article was funded by the Deanship 
of Scientific Research (DSR), King Abdulaziz 
University, Jeddah. The authors, therefore, 
acknowledge with thanks DSR technical and 
financial support. 

Conflict of interest: The authors have no competing 
financial interests. 



REFERENCES 

1. Fonseca L, Marciani R, Turvey D. Oral and maxillofacial surgery, 2nd ed. 
St. Louis (MO), Saunders, Elsevier. 2008:604-605. 

2. Anonymous. Signosis, Inc. 528 WeddeU Drive, Suite 5, Sunnyvale, CA 
94089. 2012. 

3. Beenken SW, Urist MM. Oral tumors. In: l.W Way and G.M. Doherty, 
editors. Current surgical diagnosis and treatment (11th ed.), Lange 
Medical Books/ McGraw-Hill, New York, 2003:282-229. 

4. Wamakulasuriya S. Global epidemiology of oral and oropharyngeal cancer. 
Oral Oncol. 2008;45:309-316. DOI:10.1016/j.oraloncology .2008.06.002 

5. Marx RE, Stem D. Oral and maxillofacial pathology: a rationale for 
diagnosis and treatment. Chicago (IL), Quintessence publishing Co. Inc. 
2003:284-290. 

6. Wtinsch-Filho V. The epidemiology of oral and pharynx cancer in Brazil. 
Oral Oncol. 2002;38:737-746. DOl:10.1016/S1368-8375(02)00066-0 

7. Barnes L, Everson JW, Reichart PA, Sidransky D. World Health 
Organization classification of tumours: pathology and genetics of oral 
tumors. lARC Press, Lyon, 2005;168-174. 

8. Mc Dowell JD. An overview of epidemiology and common risk factors for 
oral squamous cell carcinoma. Otolaryngol Clin North Am. 2006;39:277- 
294. DDI: 10.1016/J.OTC.2005.11.012 

9. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA 
Cancer J Clin. 2005;55(2):74-108. 

10. Roth MJ, Strickland KL, Wang GQ et al. High levels of 
carcinogenic polycyclic aromatic hydrocarbons present within food 
from Linxian, China may contribute to that region's high incidence of 
oesophageal cancer. Eur J Cancer. 1998;34:757-758. 

11. Lee SY, Cho NH, Choi EC, Baek SJ, Kim WS, Shin DH. Relevance of 
human papilloma virus (HPV) infection to carcinogenesis of oral tongue 
cancer. Int J Oral MaxiUofac Surg. 2010;39(7):678-683. DOI: 10.1016/j. 
ijom.2010.03.014 

12. Jalouli J, Ibrahim SO, Mehrotra R, Jalouh MM, Sapkota D, Larsson PA. 
Prevalence of viral (HPV, EBV, HSV) infections in oral submucous fibrosis 
and oral cancer from India. Acta Otolaryngol. 2010;130(11):1306-1311. 
DOI: 10.3109/00016481003782041. 

13. Pintos J, Black MJ, Sadeghi N, Ghadirian P, Zeitouni AG, Viscidi RP. 
Human papillomavirus infection and oral cancer: a case-control study 
in Montreal, Canada. Oral Oncol. 2008;44(3):242-250. DOI: 10.1016/j. 
oraloncology .2007.02.005 

14. Wong DT. TGF-alpha and oral carcinogenesis. Eur J Cancer B Oral Oncol. 
1993;29(l):3-7. 

15. Cerutti PA. Oxy-radicals and cancer. Lancet. 1994;344:862-863. DOI: 
10.1016/50140-6736(94)92832-0 

16. Dormandy TI. An approach to free radicals. Lancet. 1983;1:1010-1014. 

17. Meister A. Glutathione metabolism and its selective modification. J 
Biochem. 1988;263:17205-17208. 

18. Mates JM, Perez-Gomez C, Nunez CI. Antioxidant enzymes and 
human disease. Clin Biochem. 1999;32:595-603. DOI: 10.1016/S0009- 
9120(99)00075-2 

19. Stohs SJ, Al-Bayati ZF, Hassan MQ, Murray WJ, Mohammedpeur HA. 
Glutathione peroxidase and reactive oxygen species in TCDD-induced 
lipid peroxidation. Adv Exp Med BioL 1986;197:357-365. 

20. Hristozov D, Gadjeva V, Vlaykova T, Dimitrov G. Evaluation of oxidative 
stress in patients with cancer. Arch Physiol Biochem. 2001;109:331-336. 
DOI: 10.1076/apab.l09.4.331.4248 

21. Ray G, Batra S, Shukla NK, Deo S, Raina V, Ashok S, Husain SK. Lipid 
peroxidation, free radical production and antioxidant status in breast 
cancer. Breast Cancer Res Treat. 2000;59:163-170. 

22. Manju V, Sailaja JK, Nalini N. Circulating lipid peroxidation and 
antioxidant status in cervical cancer patients: a case-control study. Clin 
Biochem. 2002;35:621-625. DOI: 10.1016/30009-9120(02)00376-4 

23. Geetha A, Karthiga S, Surendran G, Jayalakshmi G. Biochemical studies 
on the lc\ cl of lipid hydroperoxide and antioxidants in different types of 
obstructive jaundice. J Lab Med. 2001;2:20-27 

24. Thomas G, Skrinska V. Determination of glutathione in hiunan platelets. 
Oin Chem. 1985;31:350-351. 

25. Prazma J, Pctrusz P, Mims W, Ball SS, Weissler MC. Immunohistochemical 
characterization of nitric oxide synthase in squamous cell carcinoma of the 
head and neck. Otolaryngol Head Neck Surg. 1995;113:541-549. 

26. Jenkin DC, Charles IG, Thomson LL, Moss DW, Holmes LS, Baylis 
SA. Role of nitric oxide in tumor growth. Proc Natl Acad Sci USA. 
1995;92:4392-4396. 

Authors Contributions: 

MR, AM and MIN: Designed the study. SRK, KMK, 
SZ and AM: Collected the data and performed the 
experiments. MHQ, MR, AM and MIN: Analyzed the 
data critically, performed statistical analysis and wrote 
the manuscript. 



PakJMedScI 2014 Vol.30 No. 3 www.pjms.com.pk 471 



